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DESCRIPTION 



Gasification method 

Technical Field 

The present invention relates to a gasification method 
of a starting material containing nickel and sulfur. More 
specifically, it relates to a gasification method in which 
formation of a nickel-cyan complex (nickel cyanate ion) in 
waste water generated in a step of cooling and washing carbon 
can be suppressed at the time of gasifying heavy-gravity oil 
or the like which includes heavy oil, long residuum, short 
residuum or asphalt and which are obtained by coal or petroleum 
refining, by a partial oxidation method. 

Further, the present invention relates to a gasification 
method enrolling a method of treating waste water. More 
specifically, a method of treating waste water containing a 
nickel-cyan complex generated at the time of gasifying 
heavy-gravity oil or the like which includes heavy oil, long 
residuum, short residuum or asphalt and which are obtained by 
coal or petroleum refining, by a partial oxidation method, is 
enrolled in a gasification method. 

Background Art 
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In a gasification step of carrying out gasification at 
a high temperature using, as a starting material, coal and/or 
petroleum refining residual oil such as heavy-gravity oil, 
long residuum, short residuum, asphalt or the like, which 
contains hydrogen, carbon, nitrogen, sulfur and heavy metals 
such as nickel, vanadium, iron and the like along with oxygen 
fed from an air separator and along with steam fed from outside; 
hydrogen sulfide, carbonyl sulfide, hydrogen cyanide and 
ammonia are formed as by-products, in addition to hydrogen, 
carbon monoxide, carbon dioxide and methane, depending on the 
composition of the starting material. 

When hydrogen sulfide formed in the gasification step 
is contained in a relatively larger amount than hydrogen 
cyanide, especially nickel and/or iron of heavy metals forms 
a carbonyl. However, in the subsequent step of cooling and 
washing carbon, it is mostly converted into nickel or iron 
sulfide by presence of hydrogen sulfide, and discharged along 
with a carbon slurry. 

Nickel or iron sulfide in waste water can be separated 
by precipitation. Cyan and ammonia are present in the form 
of ions in waste water from which nickel and the like are removed 
by precipitation. However, before waste water is fed to a 
final step of treating waste water, it is possible to emission- 
and separation- remove a cyan ion as hydrogen cyanide and an 



ammonia ion as an ammonia gas from waste water to an 
environmentally safe extent (discharge of waste water 
containing cyan is prohibited by the water pollution control 
law in view of regulation of total emission of cyan) by a usual 
pretreatment method, for example, striping by steam . Further, 
nickel can be treated chemically in a step of treating waste 
water and removed as a hydroxide. 

However, hydrogen cyanide formed in the gasification 
step is contained in a relatively larger amount than hydrogen 
sulfide in some composition of a starting material (for example, 
a starting material having a low content of sulfur) . 
Accordingly, when a starting material having such a 
composition is used, nickel in waste water forms a nickel- 
cyan complex more preferentially than it forms nickel sulfide. 

A nickel-cyan complex is present quite stably as a nickel 
cyanate ion in waste water of which the pH is maintained in 
an alkali region by containing ammonia. It is therefore 
difficult to remove cyan by only steam-stripping before 
feeding to a final step of treating waste water. 

Disclosure of the Invention 

The present invention provides a gasification method in 
which, by controlling formation of a nickel-cyan complex in 
waste water after a step cooling and washing carbon, treatment 
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of a subsequent step can be carried out more easily. 

Further, the present invention provides a gasification 
method enrolling a method of treating waste water wherein at 
the time of using a starting material in which hydrogen cyanide 
formed in a gasification step is contained in a relatively 
larger amount than hydrogen sulfide, a nickel-cyan complex 
contained in waste water can be removed to an environmentally 
safe extent. 

The present inventors have carried out investigations 
focussing on the point that, when a nickel-cyan complex is 
stably contained in waste water after a gasification step, it 
cannot be removed satisfactorily by applying an ordinary 
steam-stripping method. They have consequently established 
an efficient industrial method by applying a steam-stripping 
method, in which it is possible to suppress formation of a 
nickel-cyan complex and reduce a cyan content to an 
environmentally quite safe extent by preferentially forming 
nickel sulfide or other sulfur compounds capable of being 
separated through precipitation in a step cooling and washing 
carbon . 

Further, the present inventors have carried out 
investigations focussing on the point that, since a pH of waste 
water is maintained in an alkali region, a nickel-cyan complex 
is stably present and it cannot be removed satisfactorily even 
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by applying an ordinary steam-stripping method. They have 
consequently established an efficient industrial method by 
applying a steam-stripping method, in which it is possible to 
remove cyan to an environmentally quite safe extent by 
maintaining a pH of waste water in an acid region. 

The present invention is a gasification method which 
comprises subjecting a starting material to be gasified 
containing from 10 to 100 ppm by weight of nickel and from 0.1 
to 1.0 % by weight of sulfur to gasification treatment by a 
partial oxidation method, cooling the resultant product, 
washing carbon, and desulf urizing to obtain a crude gas product, 
characterized in that 

carbon is recovered from waste water in the washing step, 

and 

(1) the starting material to be gasified is mixed with 
sulfur in such an amount that hydrogen sulfide is formed in 
the gasification step in a relatively larger amount than 
hydrogen cyanide, and waste water is subjected to a treatment 
of steam-stripping for cyan removal, or 

(2) when waste water containing a nickel-cyan complex 
in the washing step is treated with at least one stripping tower 
by steam-stripping, an acid is fed to the stripping tower to 
adjust a pH of waste water to between 2.0 and 6.0 and thereby 
decompose the nickel-cyan complex into a nickel ion and a cyan 



ion, the nickel ion is treated as nickel hydroxide, and the 
cyan ion is treated as hydrogen cyanide. 

The starting material to be gasified is preferably heavy 
oil, long residuum, short residuum or asphalt obtained by coal 
or petroleum refining. 

The sulfur content is preferably between 0.5 and 2.0 % 
by weight. 

Sulfur to be mixed with the starting material is 
preferably an acidic gas containing hydrogen sulfide which is 
removed by concentration in the desulf urization step or a 
sulfur-containing material fed from outside. 

When the treatment is carried out with one stripping 
tower, it is preferable that a stripping tower in which an inner 
tray section comprises two blocks, an upper tray section and 
a lower tray section is used, waste water is fed to the upper 
tray section and an acid is fed to the lower tray section. 

When the treatment is carried out with at least two 
stripping towers, it is preferable that a tray section inside 
each stripping tower comprises one block, waste water is fed 
from above the tray section of the first stripping tower, waste 
water discharged from a lower portion of the first stripping 
tower is mixed with an acid, and the resultant mixture is then 
fed above the tray section of the second stripping tower. 

Washed carbon is preferably recovered to the 
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gasification step. 

The above-mentioned mode (1) of the invention is a 
gasification method in which a starting material having a 
nickel content of from 10 to 100 ppm by weight and a sulfur 
content of from 0.1 to 1.0 % by weight is gasified by a partial 
oxidation method comprising a gasification step, a step 
cooling and washing carbon, a desulf urization step, a step of 
recovering carbon and a step of stripping cyan steam, 
characterized in that the starting material to be fed to the 
gasification step is mixed with sulfur in such an amount that 
hydrogen sulfide to be formed in the gasification step is 
contained in a relatively larger amount than hydrogen cyanide. 

The above-mentioned mode (2) of the invention is 
provided by enrolling, in the gasification method, a method 
of treating waste water characterized in that, when waste water 
containing heavy metal ions, cyan, ammonia, carbon dioxide, 
hydrogen sulfide and a nickel-cyan complex is treated with at 
least one stripping tower by steam-stripping; an acid is fed 
to the stripping tower to adjust a pH of waste water to between 
2 . 0 and 6 . 0 and thereby decompose the nickel-cyan complex into 
a nickel ion and a cyan ion, the nickel ion is treated as nickel 
hydroxide and the cyan ion is treated as hydrogen cyanide. 
This method of treating waste water is described below. 
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Brief Description of Drawings 

Fig. 1 is a schematic view showing a process flow of the 
embodiment (1) of the present invention. 

Fig. 2 is a schematic view showing a process flow of the 
embodiments (1) and (2) of the invention enrolling also a 
method of treating waste water. 

Fig. 3 is a schematic view showing a process flow of one 
mode of the embodiment (2) of the invention. 

Fig. 4 is a schematic view showing a process flow of 
another mode of the embodiment (2) of the invention. 

Preferable Mode for Carrying Out the Invention 

A starting material to which the gasification method of 
the present invention is applied (hereinafter referred to as 
a "starting material for gasification") has a nickel content 
of from 10 to 100 ppm by weight and a sulfur content of from 
0.1 to 1.0 % by weight. In case of a fossil starting material 
outside this range, for example, one having a nickel content 
of 100 ppm by weight and a sulfur content of 2.0 % by weight, 
an amount of a nickel-cyan complex formed is very small, and 
the effect of the present invention cannot be obtained. Such 
a starting material for gasification is heavy oil, long 
residuum, short residuum or asphalt obtained by coal or 
petroleum refining. Namely, a material in which hydrogen 
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cyanide formed by a gasification reaction is contained in a 
relatively larger amount than hydrogen sulfide can be 
mentioned. 

The present invention has a requirement that, when a 
gasification step, a step of cooling and washing carbon, a 
desulf urization step, a step of recovering carbon and a step 
of steam-stripping for cyan removal are applied to a starting 
material for gasification, the starting material for 
gasification to be fed to the gasification step is mixed with 
a predetermined amount of sulfur. Modification which is 
ordinarily carried out by those skilled in the art with respect 
to the other construction is included in the present invention, 
so long as such a requirement is satisfied. The embodiments 
of the gasification method of the present invention are 
described below by referring to the drawings. Fig. 1 is a 
schematic view showing a process flow of the embodiment (1) 
of the present invention. 

An amount of about 50 % by weight of the starting material 
for gasification, including the short residuum obtained by 
refining petroleum, is fed from a line 111 to a step 101 of 
gasifying reaction. While, another amount of about 50 % by 
weight thereof is fed from the line 111 to a carbon recovering 
step 104 via a line 124 in order to impart a flowability to 
carbon recovered in (or by) the carbon recovering step 104. 
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At this time, the starting material for gasification to be fed 
to the step 101 of gasifying reaction is mixed with sulfur. 

The amount of sulfur mixed is an amount in which hydrogen 
sulfide formed in the gasification step can be contained in 
a relatively larger amount than hydrogen cyanide . For example, 
this amount is preferably between 0.5 and 2.0 % by weight, 
especially preferably between 1.0 and 2.0 % by weight in the 
mixture of the starting material for gasification and sulfur. 
When the sulfur content in the mixture is 0.5 % by weight or 
more, formation of the nickel-cyan complex in waste water in 
the step cooling and washing carbon can be suppressed. When 
it is 2.0 % by weight or less, the above-mentioned function 
is exhibited, and the burden required for desulf urization can 
be alleviated in the desulf urization step. 

The source of sulfur to be mixed with the gasification 
material is not particularly limited. From the standpoint of 
effective use of resources, it is preferable that an acidic 
gas containing hydrogen sulfide which is removed by 
concentration in the desulf urization step 103 is withdrawn 
from a line 117 and fed from a line 118. Further, when the 
sulfur content in the mixture is hardly adjusted to an 
appropriate content with only the acidic gas removed by 
concentration in a desulf urization step 103 and the acidic gas 
cannot be fed from the desulf urization step 103 at the initial 
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stage of the operation, solid, liquid or gaseous sulfur or 
sulfur compound can be fed from outside. 

To the step 101 of gasifying reaction to which the 
starting material for gasification and sulfur are fed in this 
manner, steam of approximately from 380 to 400°C is fed from 
a line 112, and oxygen separated from an external air separator 
and heated to approximately between 160 and 230°C is fed from 
a line 113. Further, carbon oil (mixture of carbon and the 
starting material for gasification) withdrawn from the step 
104 of recovering carbon is fed to the step 101 of gasifying 
reaction from a line 123 via the line 111 for recovering carbon. 

In the step 101 of gasifying reaction, a partial 
oxidation reaction is carried out under such conditions that 
a temperature is between 1,300 and 1,400 °C and a pressure is 
between 60 and 80 kg/cm 2 -G. A crude gas which is gasified by 
this partial oxidation reaction is subjected to exhaust heat 
recovery to approximately between 200 and 250°C, and then fed 
from a line 114 to a step 102 of cooling and washing carbon. 
In the crude gas at this time, hydrogen sulfide is contained 
in a relatively larger amount than hydrogen cyanide. For 
example, hydrogen sulfide is preferably between 10 and 40 times, 
more preferably between 15 and 20 times as large as hydrogen 
cyanide in terms of a volume ratio. 

In the step 102 of cooling and washing carbon, the crude 
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gas which is gasified is once cooled by water-washing at 
approximately from 130 to 140°C for removal of carbon, and 
washed with water at approximately from 40 to 50°C for 
completely removing carbon in the crude gas. Thus, the crude 
gas is separated from the carbon slurry. In this carbon slurry, 
nickel sulfide or other sulfur compounds are preferentially 
formed, and formation of a nickel-cyan complex is suppressed 
to a great extent. The crude gas from which carbon is thus 
completely removed in the step 102 of cooling and washing 
carbon and which contains hydrogen sulfide and the like is fed 
from a line 115 to the desulf uri zation step 103. 

In the desulf urization step 103, sulfur compounds are 
selectively removed by absorption with an absorption solution 
saturated with carbon dioxide. The gas removed by absorption 
contains, in addition to hydrogen sulfide, a large amount of 
carbon dioxide derived from the absorption solution. 
Accordingly, hydrogen sulfide can be concentrated to 
approximately 20 % by weight in the concentration step provided 
as required. The concentrated acidic gas is discharged from 
the line 117. The major part is circulated from the line 118 
to the line 111 as a sulfur source to be fed to the step 101 
of gasifying reaction. The remaining acidic gas may be fed 
to a sulfur recovering step outside the system or treated with 
a combustion furnace. The crude gas desulf urized in the 



desulf urization step 103 is fed from a line 116 to the other 
treatment step. 

Since the carbon slurry formed in the step 102 of cooling 
and washing carbon is in a pressurized state, the pressure is 
reduced, and returned to an atmospheric pressure. Then, the 
carbon slurry is fed from a line 119 to the step 104 of 
recovering carbon. This carbon slurry contains, besides 
carbon, dissolved gases such as hydrogen sulfide (H 2 S) , ammonia 
(NH 3 ) , hydrogen cyanide (HCN) and the like, and heavy metals 
such as nickel sulfide, iron sulfide and the like. 

A part of heavy metal components such as nickel sulfide, 
iron sulfide and the like, and recovered carbons are mixed with 
the starting material for gasification fed from the line 124 
to impart a flowability, and the mixture is circulated from 
a line 123 to the step 101 of gasifying reaction via the line 
111. 

The remaining heavy metals such as nickel sulfide, iron 
sulfide and the like, NH 3 , HCN, H 2 S, CO,, CO and H 2 are dissolved 
in the slurry from which carbon and the like are recovered and 
removed in the step 104 of recovering carbon. In the heavy 
metal compounds such as nickel sulfide, iron sulfide and the 
like, approximately 80 % by weight of the heavy metals 
contained in the starting material for gasification are 
removed by precipitation in the precipitation step of the step 



14 



104 of recovering carbon. 

Approximately 20 % by weight of the heavy metals in the 
starting material for gasification, NH 3/ HCN, H 2 S, C0 2 , CO and 
H 2 are dissolved in waste water discharged from the step 104 
of recovering carbon to a line 120. This waste water is fed 
to a step 105 of steam-stripping for stripping gases dissolved 
with steam before treating the waste water in a step of treating 
waste water. Major parts of HCN and NH 3 are chiefly removed 
at approximately from 100 to 110°C and approximately from 1.0 
to 1.5 kg/cm 2 , and stripped from a line 122. 

The waste water from which the above-mentioned gases are 
removed in the step 105 of steam-stripping contains mainly 
nickel, NH 3 and trace amounts of iron and HCN , and is fed from 
a line 121 to a waste water treating facilities. Nickel and 
iron are adjusted to a pH of from 9 . 5 to 11 with sodium hydroxide 
in a step of treating waste water chemically, and removed as 
nickel hydroxide and iron hydroxide respectively. Meanwhile, 
waste water containing small amounts of HCN and NH 3 is treated 
in a step of treating waste water biologically, and finally 
discharged outside the system. 

By the way, the following method of treating waste water 
may further be applied in the step 105 of steam-stripping. 

The method of treating waste water in the present 
invention is applied to waste water containing heavy metal ions 
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(nickel ion, vanadium ion, iron ion and the like) , cyan, 
ammonia, carbon dioxide, hydrogen sulfide and a nickel-cyan 
complex (hereinafter referred to as "waste water containing 
cyan" ) . However, an inherent object of the method of treating 
waste water in the present invention is to treat waste water 
generated in the gasification step in which the gasification 
is carried out at a high temperature along with oxygen fed from 
an air separator and steam fed from outside using starting 
materials as coal or residual oil by refining petroleum such 
as heavy oil, long residuum, short residuum, asphalt or the 
like, containing hydrogen, carbon, nitrogen, sulfur and heavy 
metals such as nickel, vanadium, iron and the like. 
Accordingly, another object of the present invention is to 
apply to waste water containing components other than the 
above-mentioned heavy metal ions, cyan, ammonia, carbon 
dioxide, hydrogen sulfide and nickel-cyan complex. 

The method of treating waste water in the present 
invention has a requirement that the steam-stripping treatment 
is carried out using at least one stripping tower when the pH 
of waste water is adjusted to between 2.0 and 6.0. 
Modification which is ordinarily carried out by those skilled 
in the art with respect to the other construction is included 
in the present invention as far as the requirement is satisfied. 
The embodiments of the method of treating waste water in the 
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present invention are described by referring to the drawings. 

Fig. 2 is a schematic view showing a process flow of the 
embodiments (1) and (2) of the invention enrolling the method 
of treating waste water in the step 105 of steam-stripping. 
Figs. 3 and 4 are schematic views showing the process flow of 
the embodiment (2) of the invention. The same symbols as in 
Fig. 2 indicate the same matters. 

In more detail, Fig. 3 is a schematic view of a process 
flow in case of using one stripping tower to explain an 
embodiment of the method of treating waste water. Fig. 4 is 
a schematic view of a process flow in case of using two stripping 
towers to explain another embodiment of the method of treating 
waste water. 

First, an embodiment of the method of treating waste 
water will be described on the basis of Fig. 3. In Fig. 3, 
a stripping tower 201 comprises two blocks by means of inner 
tray sections as an upper tray section 202 and a lower tray 
section 203. The number of tray sections, an interval of tray 
sections and the like are not particularly limited. One, which 
has a general structure, can be used. 

Waste water containing cyan is fed from a line 210 
connected with the stripping tower 201 to the upper tray 
section 202. As an example of this waste water, waste water 
generated, using a starting material in which hydrogen cyanide 
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formed in the gasification step is contained in a relatively 
larger amount than hydrogen sulfide, which has a temperature 
of approximately from 40 to 60°C and a pH of approximately from 
8.0 to 11.0 can be mentioned. 

An acid is fed from a line 211 connected with the 
stripping tower 201 to an intermediate portion between the 
upper tray section 202 and the lower tray section 203. As the 
acid, a strong acid such as hydrochloric acid, sulfuric acid 
and the like can be used. It is advisable that the temperature 
of the acid is adjusted to be not too low, as compared with 
the temperature of the waste water containing cyan. When the 
temperature of the waste water containing cyan is within the 
above-mentioned range, an acid of approximately from 15 to 50°C 
is used. 

The fed amount of the acid is an amount in which the pH 
of the waste water containing cyan can be adjusted to between 
2.0 and 6.0, preferably to between 2.5 and 4.5. The 
nickel-cyan complex can easily be decomposed into a nickel ion 
and a cyan ion by adjusting the pH to the above-mentioned range. 

Steam is fed under the lower tray section 203 from a line 
212 connected with the stripping tower 201. As steam, for 
example, steam having a temperature of approximately from 120 
to 200°C and having a pressure of approximately from 2 to 11 
kg/cm 2 can be fed. 
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In the stripping tower 201 to which the waste water 
containing cyan, acid and steam have been fed in this manner, 
ammonia, hydrogen sulfide, carbon dioxide and the like are 
mainly separated from the waste water containing cyan in the 
upper tray section 202 by steam-stripping. The nickel-cyan 
complex contained in the waste water containing cyan is not 
decomposed in the upper tray section 202. In the lower tray 
section 203, it is decomposed into a free nickel ion (Ni 2+ ) 
and a cyan ion (CN~) by adjusting the pH to between 2.0 and 
6.0. At this time, the pressure of the upper tray section 202 
and the pressure of the lower tray section 203 are preferably 
such that when the pressure of the upper tray section 202 is 
rated as 1 in subjunctive, the pressure of the lower tray 
section 203 is between 1.01 and 1.1. 

The cyan ion formed in the lower tray section 203 is 
separated from waste water as hydrogen cyanide by steam- 
stripping in the same tray section, rises in the upper tray 
section 202 of the stripping tower 201, and is fed to a condenser 
204 via a line 213 connected with the stripping tower 201 along 
with ammonia, hydrogen sulfide, carbon dioxide and steam in 
a high-temperature state. 

And it is cooled in the condenser 204, and then fed from 
a line 214 to a separator 205 . The condensate is returned above 
the upper tray section 202 of the stripping tower 201 from a 
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line 215. Hydrogen cyanide, ammonia, carbon dioxide, 
hydrogen sulfide and a part of steam separated from the 
condensate in the separator 205 are discharged outside the 
system from a line 216. 

Meanwhile, waste water having high temperature and 
containing the free nickel ion separated in the lower tray 
section 203 of the stripping tower 201 is discharged from a 
line 217, and treated in the step of treating waste water 
chemically. In this step of treating waste water chemically, 
for example, the free nickel ion is removed as nickel hydroxide 
by treating the ion with sodium hydroxide and by adjusting the 
pH to between 9.5 and 11. 

Next, another embodiment of the method of treating waste 
water is described on the basis of Fig. 4. The treatment 
conditions in the embodiment shown in Fig. 4 can be set 
according to the embodiment shown in Fig. 3. That is, the 
method of treating waste water as shown in Fig. 4 can be enrolled 
in the step 105 of steam-stripping as in Fig. 3. In Fig. 4, 
two stripping towers (the first stripping tower 300 and the 
second stripping tower 310) are mounted. The insides of the 
first stripping tower 300 and the second stripping tower 310 
are constructed from tray sections 301 and 311 of one block 
respectively . 

Waste water containing cyan is fed above the tray section 
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301 from a line 320 connected with the first stripping tower 
300. 

An acid is mixed with waste water containing cyan 
discharged from the lower portion of the first stripping tower 
300 in a desired site of a line 325 connecting the lower portion 
of the first stripping tower 300 and the upper portion of the 
second stripping tower 310 such that the pH is adjusted to 
between 2.0 and 6.0. The waste water containing cyan mixed 
with the acid is fed above the tray section 311 of the second 
stripping tower 310. 

Steam is fed under the tray section 311 from a line 326 
connected with the second stripping tower 310. The steam fed 
to the second stripping tower 310 is also fed under the tray 
section 301 of the first stripping tower 300 via a line 328. 

In the first stripping tower 300 to which the waste water 
containing cyan, acid and steam have been fed in this manner, 
ammonia, hydrogen sulfide and carbon dioxide are mainly 
separated from the waste water by steam-stripping. 

The nickel-cyan complex contained in the waste water 
containing cyan is decomposed into a free nickel ion (Ni 2 ~) 
and a cyan ion (CN~) in the tray section 311 of the second 
stripping tower 310 by adjusting the pH to between 2.0 and 6.0. 
Then, the cyan ion formed in the tray section 311 is separated 
from the waste water as hydrogen cyanide by steam-stripping 
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in the same tray section. Thus, the decomposition of the 
nickel-cyan complex and the separation of hydrogen cyanide are 
carried out simultaneously in the second stripping tower 310. 

Hydrogen cyanide rises in the upper tray section 311 of 
the second stripping tower 310, passes through the line 328 
and further through a line 321 connected with the first 
stripping tower 300, and is fed to a condenser 304 along with 
ammonia, hydrogen sulfide, carbon dioxide and steam in a 
high-temperature state. 

And it is cooled in the condenser 304, and then fed from 
a line 322 to a separator 305. The condensate is returned above 
the upper tray section 301 of the first stripping tower 300 
from a line 323. Hydrogen cyanide, ammonia, carbon dioxide, 
hydrogen sulfide and a part of steam separated from the 
condensate in the separator 305 are discharged outside the 
system from a line 324. 

Meanwhile, high-temperature waste water containing the 
free nickel ion separated in the tray section 311 of the second 
stripping tower 310 is discharged from a line 327, and treated 
in the step of treating waste water chemically. 

According to the present invention, formation of the 
nickel-cyan complex in waste water generated in the 
gasification by the partial oxidation method using the 
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starting material for gasification having the low sulfur 
content can greatly be suppressed. Consequently, since waste 
water can be treated by the ordinary steam-stripping method, 
the treatment of waste water is easily carried out without 
giving the environment an adverse effect. 

Further, according to the present invention, since the 
nickel-cyan complex in waste water generated in the 
gasification using the starting material having the low sulfur 
content can be decomposed by the ordinary steam-stripping 
method, the treatment of waste water is easily carried out 
without giving the environment an adverse effect. 

Examples 

The present invention is illustrated more specifically 
by referring to the following Examples. However, the present 
invention is not limited to these Examples. 

Example 1 

Short residuum having the following composition 
obtained by petroleum refining was used as a starting material 
for gasification, and treated by the following method 
according to the process flow shown in Fig. 1. 
(component) (content) 
C 86.70 % by weight 
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H 



12 . 10 % by weight 



S 



0.17 % by weight 



N 



0.51 % by weight 



O 



0.50 % by weight 



ash content 



0.02 % by weight 



nickel 



7 5.10 ppm by weight 



vanadium 



0.90 ppm by weight 



iron 



5 . 60 ppm by weight 



A flow rate of 50 % by weight of the starting material 
for gasification was fed to the step 101 gasifying reaction 
for gasification by a partial oxidation method, and another 
flow rate of 50 % by weight was fed to the step 104 of recovering 
carbon . 

Steam of approximately 400°C was fed to the step 101 of 
gasifying reaction from the line 112 , and oxygen of 
approximately 230°C was fed from the line 113. Further, an 
H 2 S-containing acidic gas concentrated in the desulf ur ization 
step 103 was fed to the step 101 of gasifying reaction such 
that it corresponded to 0.83 kg per 100 kg of the starting 
material for gasification. Incidentally, at the initial 
stage of the operation, sulfur was fed from outside to the step 
101 of gasifying reaction in the same amount as mentioned above . 
In the step 101 of gasifying reaction, the partial oxidation 
reaction was carried out under such conditions that the 
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temperature was between 1, 300 and 1, 400°C and the pressure was 
between 60 and 80 kg/cm 2 -G. 

At the inlet of the step 101 of gasifying reaction, the 
composition was adjusted such that the heavy metals were 3 
times in weight as high as those at the initial stage and sulfur 
was 1 % by weight. The respective components are shown below. 



(component) 

C 

H 

S 

N 

O 

ash content 
nickel 
vanadium 
iron 



(content) 

86.07 % by weight 
11.88 % by weight 
1.00 % by weight 
0.51 % by weight 
0.4 9 % by weight 
0.05 % by weight 
225.30 ppm by weight 
2.70 ppm by weight 
16.80 ppm by weight 



A crude gas which was gasified in the step 101 for 
gasifying reaction was subjected to exhaust heat recovery to 
approximately 200°C, and then fed from the line 114 to the 
cooling and carbon-removing step 102. By the way, unreacted 
carbon in an amount of approximately 1.0 % by weight of the 
starting material for gasification was contained in the gas 
at the outlet of the step 101 of gasifying reaction. 

In the cooling and carbon-removing step 102, the crude 
gas was washed at 140°C to remove carbon, cooled to 45°C, and 
then further washed with water. Washing water was used in an 
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amount in which carbon in the slurry became 1.0 % by weight. 
Since regenerated water in the step 104 of recovering carbon 
was used as washing water, it contained the heavy metals of 
the starting material for gasification in amounts of 
approximately 1.1 times in weight. Accordingly, the carbon 
slurry contained the heavy metals in amounts of approximately 
4.1 times in weight which were the sum with approximately 3 
times in weight of the heavy metals in the starting material 
for gasification from the step 101 of gasifying reaction. 

The carbon slurry discharged from the step 102 of cooling 
and washing carbon was fed from the line 119 to the step 104 
of recovering carbon. Since the carbon slurry contained H 2 S 
sufficient for nickel to form nickel sulfide, nickel sulfide 
and the like could be formed preferentially. The heavy metals 
corresponding to 2.0 times in weight among the heavy metals 
corresponding to 4.1 times in weight of the heavy metals in 
the starting material for gasification contained in the carbon 
slurry were circulated from the line 123 to the step 101 of 
gasifying reaction in a state contained in a circulating stream 
of carbon oil . 

The circulating stream of carbon oil was 50 % by weight 
of the starting material for gasification, and the actual 
contents of the heavy metals were concentrated to 5 times in 
weight. Accordingly, the heavy metals which were 2.1 times 
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in weight based on the starting material for gasification were 
contained in washing water which was reused by removing carbon. 

In waste water containing the heavy metals which were 
1 . 3 times in weight of the heavy metals in the starting material 
for gasification, the steam fed to the step 101 of gasifying 
reaction and excess water formed by the reaction were treated 
in the step 105 of steam-stripping and the step of -treating 
waste water. The ratio of water circulated and reused as 
washing water to water fed to the step 105 of steam-stripping 
by weight was 110:20. The waste water fed to the step 105 of 
steam-stripping contained 20 % by weight of the heavy metals 
in the starting material for gasification, and the forms 
thereof were nickel sulfide and iron sulfide. 

The residual heavy metals in amounts of 80 % by weight 
were separated by precipitation with a precipitating equipment 
for separation in the step 104 of recovering carbon, and 
treated in the step 105 of steam-stripping. Then, the 
remaining heavy metals in amounts of 20 % by weight were treated 
in the step of treating waste water. The heavy metals in the 
form of nickel sulfide and iron sulfide and cyan in the form 
of HCN were fed respectively to the step 105 of steam-stripping. 
Accordingly, these were easily decomposed under conditions of 
approximately 110°C and 1.5 kg/cm 2 , and could be stripped and 
separated as H 2 S and HCN. The composition of the stripped gas 
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was 83 % by volume of NH 3 , 12 % by volume of C0 2 , 2 . 5 % by volume 
of H 2 S, 2.5 % by volume of HCN and trace amounts of CO and H 2 . 
These were used as auxiliary fuels or treated by burning with 
a flare as required. 

Waste water fed to the step of treating waste water, 
mainly, contained 15 ppm by weight of nickel, 250 ppm by weight 
of NH 3 and trace amounts of iron and HCN. However, it could 
be treated well within the control value in the step of treating 
waste water. 

Comparative Example 1 

The same starting material for gasification as in 
Example 1 was used, and treated according to Example 1 using 
the process flow shown in Fig. 1. However, since the 
circulation of the acidic gas containing H 2 S from the 
desulfurization step 103 was not carried out, the composition 
of the starting material for gasification at the inlet of the 
step 101 of gasifying reaction was that the heavy metals were 
7.2 times in weight and sulfur was 0.17 % by weight. The 
respective components are shown below. 



(component) 



(content) 



C 



H 



86.72 % by weight 
11 . 975 % by weight 



N 



S 



0.17 % by weight 
0 . 50 % by weight 
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0 



0. 495 % by weight 



ash content 



0.14 % by weight 
540.70 ppra by weight 
2.70 ppm by weight 
16.80 ppm by weight 



nickel 



vanadium 



iron 



The gas at the outlet of the step 101 of gasifying 
reaction contained an unreacted carbon in an amount of 
approximately 1.0 % by weight of the starting material for 
gasification . 

In the step 102 of cooling and washing carbon, washing 
water was used in such an amount that carbon in the slurry was 
1.0 % by weight. Since regenerated water in the step 104 of 
recovering carbon was used as washing water, it contained the 
heavy metals in amounts of approximately 5.5 times in weight 
of the starting material for gasification. Accordingly, the 
slurry contained the heavy metals in amounts of approximately 
12 . 7 times in weight which were the sum with approximately 7 . 2 
times in weight of the heavy metals of the starting material 
for gasification from the step 101 of gasifying reaction. 
Since H 2 S sufficient for nickel to form nickel sulfide was not 
contained in the slurry discharged from the step 102 of cooling 
and washing carbon, a nickel-cyan complex was formed 
preferentially . 

The heavy metals corresponding to 6.2 times in weight 
among the heavy metals corresponding to 12.7 times in weight 
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in the slurry were contained in the circulating stream of 
carbon oil, and circulated to the step 101 of gasifying 
reaction. The circulating stream of carbon oil was 50 % by 
weight of the starting material for gasification, and the 
actual contents of the heavy metals were concentrated to 13.4 
times . 

The heavy metals in amounts of 6. 6 times in weight based 
on the starting material for gasification were contained in 
washing water which were reused by removing carbon. Since 
nickel in the starting material for gasification formed a 
nickel-cyan complex [Ni(CO)J 2 ~ which was quite stable in an 
alkali region, it was not separated by precipitation in the 
step 104 of recovering carbon. 

In waste water containing the heavy metals which were 
6 . 6 times in weight of the heavy metals of the starting material 
for gasification, steam fed to the step 101 of gasifying 
reaction and excess water formed by the reaction were treated 
in the step 105 of steam-stripping and the step of treating 
waste water. The weight ratio of water circulated and reused 
as washing water to the water fed to the step 105 of 
steam-stripping was 550:100. 

The waste water fed to the step 105 of steam-stripping 
contained 100 % by weight of the heavy metals of the starting 
material for gasification, and the forms thereof were a 
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nickel-cyan complex and iron sulfide. Since the heavy metals 
were fed in the form of a nickel-cyan complex and iron sulfide 
and cyan in the form of a nickel-cyan complex respectively to 
the step 105 of steam-stripping, these could not be removed 
by separation at all under conditions of approximately 110°C 
and 1.5 kg/cm 2 in an alkali region. 

The residual heavy metals were treated in the step 105 
of steam-stripping, and all were then treated in the step of 
treating waste water. Treated water fed to the step of 
treating waste water mainly contained 75 ppm by weight of the 
nickel-cyan complex (as nickel) , 250 ppm by weight of NH 3 and 
a trace amount of iron. However, it was hardly treated by the 
chemical treatment and the biological treatment in the step 
of treating waste water. 



Example 2 

More preferably, the following treating method of waste 
water can be applied in the step 105 of steam-stripping. 

The treating method of waste water is described below 
using Fig. 3. 

Short residuum of the following composition obtained by 
refining petroleum was used as a starting material. This was 
gasified by a partial oxidation method. Waste water (waste 
water containing cyan) generated in the gasification was 
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( component ) 

C 

H 

S 



ash content 
nickel 
vanadium 
iron 



treated by the following method according to the process flow 
shown in Fig. 3. 

(content) 

86.70 % by weight 
12.10 % by weight 
0. 17 % by weight 
0.51 % by weight 
0.50 % by weight 
0.02 % by weight 
7 5.10 ppm by weight 
0.90 ppm by weight 
5.60 ppm by weight 
Approximately 8,000 liters/hour of waste water 
containing cyan and having a temperature of 60°C and a pH of 
9.79 were fed above the upper tray section 202 of the stripping 
tower 201 from the line 210. And simultaneously with the 
feeding of the waste water containing cyan, sulfuric acid 
(20°C) for adjusting pH was fed between the upper tray section 
202 and the lower tray section 203 of the stripping tower 201 
from the line 211. The feed rate was adjusted such that the 
pH of the waste water containing cyan under the lower tray 
section 203 of the stripping tower 201 became 4.13. Further, 
steam (temperature 180°C, pressure 4.5 kg/cm 2 ) was fed under 
the lower tray section 203 of the stripping tower 201 from the 
line 212 at a rate of 1.9 tons/hour. At this time, the 
operation was carried out by adjusting the pressure of the 
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upper tray section 202 such that the pressure of the lower tray 
section 203 became 1.5 kg/cm 2 . 

After approximately 24 hours of the operation, a gas 
mixture (temperature 107°C) containing hydrogen cyanide, 
ammonia, hydrogen sulfide, carbon dioxide and a part of steam 
was cooled to 90°C with the condenser 204, and then discharged 
outside the system from the line 216 via the separator 205. 
Further, waste water having high temperature of 110°C and 
containing a free nickel ion, which was separated from the 
lower tray section 203 of the stripping tower 201, was 
discharged from the line 217. The composition of waste water 
discharged in this manner was measured. The results are shown 
in Table 1. 

Comparative Example 2 

Waste water containing cyan and having the same 
composition as in Example 2 was used, and treated using the 
stripping tower 201 shown in Fig. 3. However, the tray 
sections were one block (the total number of tray sections was 
the same as in Example 2) , and the acid feeding was not carried 
out. The composition of waste water after treatment was 
measured. The results are shown in Table 1. 



Table 1 





Example 2 


Comparative 
Example 2 


Components of waste water before 
treatment 






Nickel (ppm by weight) 


80 . 4 


80 . 4 


Cyan (ppm by weight) 


164 . 5 


164 . 5 


pH 


9.79 


9.79 


Components of waste water after 
treatment 






Nickel-cyanate ion (ppm by 
weight) 


Not detected 


151.5 


Free nickel ion (ppm by 
weight) 


65. 0 


9.6 


Cyan (ppm by weight) 


0.5 


106.8 


Nickel 

distribution- 
ratio (%) 


Nickel-cyanate 
ion 


Not detected 


85.3 


Free nickel ion 


100. 0 


14 . 7 


pH 


4 . 13 


6. 31 



nickel-cyan complex was decomposed, and almost 



The 

absent in 
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Claims 

1. A gasification method which comprises subjecting a 
starting material to be gasified containing from 10 to 100 ppm 
by weight of nickel and from 0.1 to 1.0 % by weight of sulfur 
to gasification treatment by a partial oxidation method, 
cooling the resultant product, washing carbon, and 
desulfurizing to obtain a crude gas product, characterized in 
that 

carbon is recovered from waste water in the washing step, 

and 

(1) the starting material to be gasified is mixed with 
sulfur in such an amount that hydrogen sulfide is formed in 
the gasification step in a relatively larger amount than 
hydrogen cyanide, and waste water is subjected to a treatment 
of steam-stripping for cyan removal, or 

(2) when waste water containing a nickel-cyan complex 
in the washing step is treated with at least one stripping tower 
by steam-stripping, an acid is fed to the stripping tower to 
adjust a pH of waste water to between 2.0 and 6.0 and thereby 
decompose the nickel-cyan complex into a nickel ion and a cyan 
ion, the nickel ion is treated as nickel hydroxide, and the 
cyan ion is treated as hydrogen cyanide. 

2. The method as claimed in Claim 1, wherein the starting 
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material to be gasified is heavy oil, long residuum, short 
residuum or asphalt obtained by coal or petroleum refining. 

3. The method as claimed in Claim 1, which includes (1) . 

4. The method as claimed in Claim 3, wherein the sulfur 
content is between 0.5 and 2.0 % by weight. 

5. The method as claimed in Claim 3, wherein sulfur to be 
mixed with the starting material is an acidic gas containing 
hydrogen sulfide which is removed by concentration in the 
desulfurization step or a sulfur-containing material fed from 
outside . 

6. The method as claimed in Claim 1, which includes (2) . 

7. The method as claimed in Claim 6, wherein when the 
treatment is carried out with one stripping tower, a stripping 
tower in which an inner tray section comprises two blocks, an 
upper tray section and a lower tray section is used, waste water 
is fed to the upper tray section, and an acid is fed to the 
lower tray section. 

8. The method as claimed in Claim 6, wherein when the 
treatment is carried out with at least two stripping towers, 
a tray section inside each stripping tower comprises one block, 
waste water is fed from above the tray section of the first 
stripping tower, waste water discharged from a lower portion 
of the first stripping tower is mixed with an acid, and the 
resultant mixture is then fed above the tray section of the 
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second stripping tower. 

9. The method as claimed in Claim 1, wherein washed carbon 
is recovered to the gasification step. 
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Abstract 



Formation of a nickel-cyan complex in waste water is 
suppressed, and cyan is removed by a steam-stripping method 
or by applying a steam-stripping method. That is, a mixture 
of a starting material and sulfur is fed to a step 101 of 
gasifying reaction such that the sulfur content is between 0.5 
and 2.0 % by weight to carry out gasification. A crude gas 
is washed in a step 102 of cooling and washing carbon. Nickel 
sulfide and the like are preferentially formed in waste water 
to suppress formation of a nickel-cyan complex. Cyan is 
stripped as HCN . On the other hand, to a stripping tower 201, 
waste water is fed from a line 210, a strong acid is fed from 
a line 211 and steam is fed from a line 212, whereby the 
nickel-cyan complex in waste water adjusted to a pH of from 
2.0 to 6.0 is decomposed into a nickel ion and a cyan ion, the 
cyan ion is finally discharged from a line 216 as hydrogen 
cyanide, and the nickel ion is discharged from a line 217 and 
treated as nickel hydroxide. 
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Japanese Language Declaration 



Dale H. Thiel, Reg. No. ,24_323_ 
David G. Boutell, Reg. No . 25 072 
[Ronald J. Tanis, Reg. No._22_22A_ 
VJCerryence F. Chapman, Reg. No. 32 54 9_ 
Mark L. Maki, Reg. NO. 36 589 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list name and registration number) 

David S. Goldenberg, Reg. No. ^3_1_257 
Sidney B. Williams, Jr., Reg. No7~25 
Timothy B. Clise, Reg. No. 40 957 
Liane L. Churney, Reg. No . 40 694 __ 
Brian R. Tumm, Reg. No. 36 328 



rF LYNN, THIEL. 



Send Correspondence to: 

BOUTELL & TA NIS, P.C. 



2026 Rambling Road _ 

Kala mazoo, Michig"arT 49008- 1699 



Direct Telephone Calls to: (name and telephone number) 





Full name of sole or first inventor 

__Kenjiro MIYASHITA 




.nven^sign^^^) 2000 




Residence /Y / 

Chiba, ^Japan )KX 




Citizenship 

Japanese 




Post Office Address 

5-7-9, Akitsu, Narashino-shi, Chiba, 


3 Japan 




Full name of second Joint inventor, if any 

Masakazu SASAKI 




p^2^^2L ^ 29 ' 2000 




Residence . — ? — /~X/ 

_Chiba, Japan r/\ 


SIS 


Citizenship 

Japanese 




Post Office Address 

TEC Ogurajiyukan, 1762, Ocruracho. Wakaba 


-ku, Chiba-shi f Chiba, Japan 



0 
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